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ABSTRACT 


The acquisition of ground targets in combat from 
tactical helicopters, employing low-level flying technigues, 
is a complex process. The author examines the air-to-ground 


target acquisition process and investigates the parameters 


affecting chs process. The tactical environment of 
helicopters 1S outlined and those parameters deemed 
Significant and/or peculiar to this environment are 


identified. Current mathematical models of air-to-ground 
target acquisition are reviewed. Those which are considered 
relevant to this particular problem are described. The 
author concludes that there are no validated models for 


predicting target acquisition from tactical helicopters. 
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The use of tactical helicopters is now an accepted part 
of modern land warfare. Their effective utilization depends 
on the ability of an airborne observer to detect, identify 
and locate objects as possible targets for subsequent 
engagement by weapons aboard the helicopter, or to direct 
accurate fire from ground sites. The tactical use and 
employment cf helicopters is constantly being studied and 
analysed by means of tactical exercises, wargames and 
computer battle simulations. These studies will not be 
realistic urless the inter-relationship between the 
helicopter borne observer and the ground target is 
adequately defined and understood. Realism and reliable 
results can be obtained only if analysts have used 
appropriate sub-models to describe the target acquisition 
process{ 29]. Whether the mission of a tactical helicopter is 
reconnaissance, surveillance, close air SUDpOrt, OF 
anti-tank engagement; these misSions rely on the human 
eye/brain combination to initiate the target acguisition 


process (TAP). 


There 1s a need to examine the models in use to-day and 
to determine if they accurately describe the circumstances 
peculiar to the tactical helicopter flying close tc the 
grcund. Further to this, there is a need to identify the 
Significant farameters that influence the TAP. The existence 
of realistic models will allow worthwhile analysis of combat 
effectiveness of tactics, weaponry and organizationf 29]. 
Knowledge of significant parameters will be useful in 
planning test and evaluation of new equipment, and may be of 


benefit in the training of pilots and observers. 





This thesis was inspired by the authors inability to 
locate a ready reference that dealt specifically with 
air-to-ground target detection and how this could be 
accurately modelled. It was considered necessary to conduct 
a search of the available literature to identify and collect 
the pertinate date relating to this specific area of target 
acquisition. It was perceived as necessary to have an 
introductory treatise that would explain the basic concepts, 
highlight the important aspects, and indicate further 


reference sources for more detailed information. 


Reference 22 states "Good research in air-to-ground 
target acquisition requires an applied physics 
meteorological-electronic-physiological psychologist trained 
as a pilot, and with a broad experience in military 
operations." This statement sums up the reasons for the vast 
scepe of this field, and the inevitable confusion. Hence the 
purpose of this thesis is to: 

(1) Define terminology and describe the target acquisition 
process, and relate it to the tactical environment. 

(2) Identify those parameters that affect air-to-ground 
target acquisition and describe those which are considered 
LO be nost Significant for observers in tactical 
helicopters. 

(3) To describe the original theory and experiments that led 
to the develcpment of the early target detection models. 
This will include relating search techniques to the target 
detection/acquisition process. 

(4) To index the analytic models that are in use to-day and 
to indicate their applicability or otherwise to target 
acquisition from helicopters. The relationship between the 


mcdeis and empirical field data will be indicated. 





This section Will deal with the definition and 
explanation cf terminology used in the area of target 
acquisition. The process of target acquisition will be 
outlined and reiated to the tactical environment in which 
tactical helicopters are employed. The TAP has many 
descriptions and a multitude of various definitions that are 
not in agreement. Target acquisition is not well defined in 
concept or in recognized standards and terminology. This is 
due to its interdisciplinary nature and to the absence of an 
authorative organization to establish standards{22]. The 
best statement of this lack of commonality comes from 


Reference 6. 


The three most commonly used and confused terms 
employed to describe the visual problems of targeting 
are detection, recognition, and identification. fa 
general, they refer to progessive refinements of target 
acquisition. Detection is the determination that some 
object 1s present at a location compatible with its 
being the target; recognition is the determination that 
the detected object 1S a member of that subclass of 
objects for which the observer aS Leoking 
(tanks,trucks, ships, four-engined artrenrart. Or 
whatever); and identification is the determination of 


which member the target is of the subclass of interest. 


In this report, target acquisition is used as a 
generic term to cover any or all aspects of targéting. 
Target acquisition is thus a neutral term in that it 
can mean detection, recognition, identification, or 
whatever problem of targeting the test cr experiment is 


concerned with. If the target problem which a systen 
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has tc solve in order to work succesfully is only 
target detection, then the system has acquired its 
target when it has detected it; if the system cannot go 
into operation until it has been provided the _ serial 
number of the target, then it has not acquired its 


target until it has identified it. 


In military operations, the prcblem of visual 
acquisition of ground targets is actually five 
different problems,one for each of five different 
missions: (1) reconnaissance or surveillance, (2) 
navigation, (3) attack on targets of cpportunity, (4) 
attack on targets identified in prebriefing, and (5) 
vectored attack with no search or limited search 
required. Each of these five misSions presents a target 


acquisition problem different from each of the others. 


For a given target in a particular background at a 
particular hour on a specific day (and all other things 
being equal), there is no reason to expect the same 
target acquisition ranges for any two of these five 
missions. Therefore, to be meaningful a discussicn of 
target acguisition (detection, recognition, 
identification, or whatever) must be prefaced by a 
Specification of the nission, and consideration of the 
Significance of target acquisition ranges Or 
prokabilities should be restricted to a particular 
mission. In the studies conducted, this has almost 
never tEeen done, and the fact that it has almost never 
been done is one of the important sources of errer in 
the design, conduct, and interpretation of experiments 
and flight tests in this field. 
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Four of the five missions described above reguire 
preacquisition search. A tremendous complication is 
added to the relatively simple problems of detection 
and reccgnition by the requirement of searching for the 
target in a moving visual field, but only a fraction of 
the tests and experiments include search of a soving 


visual field as part of the task. 


A final consideration of importance in the 
interpretation of target acquisition work which is 
frequently not treated explicitly in reports is the 
relationship between what the observer was Looking for 
and what he actually saw; 1.e., the correspondence 
between expectation and reality. All sorts of elements 
go intc making up the observer's expectations: prior 
experience with the type of mission or experiment, 
familiarity with the particular stimulus naterial 
(terrain), nature of the task (reconnaisSance versus 
attack; detection versus identification), type and 
specificity of briefing (instructions; set), etc. The 
precise degree and kind of Similarity between 
expectation and actuality make a very great difference 
in probability and range of acquisition. The foregoing 
considerations concern the adeguacy of the test design 
in the sense of whether the test or experiment is 
designed to shed light on the actual problem of 
interest or On some more or less remotely related 
problen-- whose degree of remotness may not be 


recognized by the experimenter. 


An additional difficulty in target acguisition 
work is that the term "target" is not specifiable in an 
objective way. A target is anything that anybcdy is 
interested in finding and doing something about. It may 


have no visual representation (an underground bunker) ; 
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it may have an ambiguous representation (a command post 
or headguarters); it may have a visual representation 
which changes drastically with the aspect from which it 
is viewed (a tank) or the altitude from which it is 
viewed (a radio tower) or the presence or absence of 
Sun and glint (a polished aircraft fuselage); etc. This 
ambiguity does not prevent meaningful work on specific 
targets, but it suggests that an all-inclusive solution 
to the problem of visual target acquisition is 


unlikely. 


For the purposes of this study, terms employed are as 
defined in the Glossary of Terms, Appendix A. The TAP is 
described and defined by the following sequence of 
events[{ 22}. 

Observer: The individual who is acquiring targets. 

Target: The object class for which visual search is 
conducted. 

Detection: The observer decides an object in his field of 
view should ke inspected further (e.g., man-made object). 
Object may have been visible before detection but was not 
distinguishable enough from other objects to cause 
inspection decision 

Recogniticn; The observer decides the object belongs to a 
particular class (e.g., vehicle). There are hierarchies of 
class names; the particular hierarchy for recognition 
decision is determined by scenario and pre-briefing. 
identification: The observer decides the object is in 


particular subclass (e.g., tank). The subclasses are 


dependent upcn class, scenario, and pre-briefing. 


The definition of "detection" is different frem the 
dictionary meaning which is based on the revelaticn or 
discovery of the presence of an object. The meaning as used 
in the TAP requires that not only are objects visible and 


revealed to the observer, but the additional element that an 
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Soyect Ls Classified aS a potential target. Detection in 
this case implies that an object of military interest has 
been sensed, yet some arbitrary level of specificity of 
description has not yet been obtained[{ 31]. Detection assumes 
the prior conditions of visibility and percerftion. 
Perception is defined as the process of reception of stimuli 
corresponding to a target area, immediately preceeding 
confirmation or rejection by the brain of detection, 
recogniticn, or identification{9]. Visibility is the degree 
to which the target energy parameters exceed the energy 


reguirements of the human eyef 30]. 


The visual acquisition process is often considered as 
being made up of search, detection, recognition, 
identification, and placing the weapons sights on the 
target{ 19]. The definition used in this paper differs from 
this in that search is not included and the fixing of the 
weapons sights on the target is generalized to the ability 
to effectively engage with a weapon, which could be indirect 
fire. Search has been deliberately excluded not because of 
its lack of importance but rather itS primary importance. 
The target acquisition process cannot occur until the 
observer is looking at the area in which the target is 
located. Search is therefore dealt with separately for it is 
a variable which is crucial tothe TAP. Search is also 


inter-related very closely with the tactical environment. 


From an operational point of view, detection, 
recogniticn, and identification cannot be separated. 
Detection has to occur prior to or simultaneously with 
recogniticn. For instance, in an operational situation a 
pilot nas to navigate to the general area of a target and 
then, depending on the tactical situation and prior 
knewledge, he must locate the target area, search the target 
area, evaluate potential targets and fearon: detect, 


recognize and identify the actual target. This process will 
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be affected by the classification of the target. Class 
hierarchies depend on the tactical situation, knowledge of 
observer, and prior information. The object will be placed 
in a class and then a subclass and finally identified as 
friendly cr hostile and then fixed in relaticn to geographic 
land marks kefore the process iS complete. It can be seen 
that target acquisition is a process of elimination. 
Identification is most important for it is considered 
useless to merely detect or recognize an object, without 
identifying it as an hostile target. This is a prerequisite 
LOL engagement. | Some authors[ 19], downgrade the importance 
of identification and refer to the acquisition of real and 
false targets. They justify this by stating "under normal 
tactical conditions applying to land combat, the sighting of 
a vehicle-like object by a tank commander in a likely 
direction of threat would probably motivate him to initiate 
action against the object before attempting to make a 
positive identification." This viewpoint is not accepted for 
in modern mechanized warfare, with its degree of mobiliyy 
and flexibility, tactical conditions will exist where the 
battle is extremely fluid and the chance of shooting uf ones 
own "tin-cans" is quite likely. With tactical helicofters, 
where the target area being searched will include friendly 
and hostile objects, the observer must be capable of 


identificaticn before engagement. 


Target acquisition requires the classificaticn of 
objects. These classifications ea J De vary constantly 
depending cn the observer, and the current tactical 
environment. The tactical environment has a direct bearing 
On the prior knowledge of an observer engaged in target 
acquisition. This knowledge will influence the search 
pattern cf the observer and his target acquisition. Hence 
the general tactical environment must be considered in this 


survey, but in particular it must be remembered that each 
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and every combat mission by a tactical helicopter will have 
a specific tactical environment which must be Known and 


specified before any meaningful analysis can take place. 


The main use of tactical helicopters is in combat 
support missions or closely related missions such as 
reconnaissance, surveillance, or fire direction and control. 
Hence only real-time target acquisition is relevant to this 
survey. The likely targets are ground tactical-type targets. 
These can vary from individual soldiers, pieces of 
equipment, defensive positions, to an amalgamation of men 
and equirment in tactical units deployed on the ground. The 
observer must therefore have knowledge of equipment, ground 
force unit formations and tactics in order to be able to 
correctly classify visible objects in the TAP. The 


importance of the human observer cannot be overemphasized. 


The prior knowledge of an observer will be influenced 
by the briefing received prior to a mission. This can vary 
frem pre-flight briefing of a set-piece operation with 
detailed missions in Which known ofr suspected enemy 
positions are described and located, to the very general and 
unspecific misSion of reconnaissance and surveillance in a 
fluid battle where the location of the FEBA may be vague and 


any briefing is tininal. 


Tactical helicopters because of their vulnerability to 
gxrcund fire and surface-to-air hand held missiles wiil 
employ flying techniques to minimize their exposure. These 
technigues are often called contour flying ocr nap of the 
earth(NOE) flying. These terms have specific meanings. Nap 
of the earth flying is defined in Appendix A, and involves 
reaching a designated point by any route which affords 
maximum cover, concealment and takes advantage of all 
Natural terrain features, such as hills and river beds. This 


involves freguent change of direction. In ccntrast contour 
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flying involves flying a pre-selected course, as clcse to 
the ground as possible rising only to clear objects along 
the selected course{16]. In either case the pilot and/or 
observer has to compensate for spatial dislocation. Their 
viewpoint is more akin to that of a ground observer than the 
large overview available to a high altitude aircraft. In 
subsequent sections the influence of the tactical 
environment on the significant parameters eof target 


acquisition becomes apparent. 
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This section will investigate those factors which are 
considered most Significant in the TAP. All the factors that 
are relevant to varying degrees in air-to-ground target 
acquisiticn are listed in Figure 1. This comprehensive list 
was taken from Reference 22, which was compiled from factors 
investigated or described in the published literature. These 
factors are grouped as follows. 

1.Target/Background Factors. 

2.2nvircnment Factors. 

3.Q0bserver Factors. 

4.Airccraft Factors. 

These groupings are arbitrary for all tne factors interact. 
For instance the seat poSition in an aircraft will influence 
the field of view which may affect the observers’ search 
pattern. The number of parameters shows the scope of 
published works in this field. In each group certain factors 
have greater effect on TAP then do others and some are nore 
specific to the low altitude, slow speed of tactical 


helicopters using NOE or contour flying. 


For this section the major reference Source is 
Reference 22. fT0 avoid repetition all references to this 
publicaticn are omitted. References will be made to other 


specific sources. 


TARGET/BACKGRCUND 

Some or the most critical factors affecting the TAP are 
discussed in this grouping. Detection and recognition 
depends on the interaction of variables associated with both 
the target and background. The most extensively investigated 
factors are found in this group, and they are contrast, 


target size and terrain type. 
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TARGET /BACKGROUND 


Type 

Size 

Shape 
Contrast 
Luminance-Ref lectance 
Texture 
Motion 
Shadow 
Terrain Type 
Vegetation 
Masking 
Camouflage 
CTutter 

Cues 


Distinctiveness 
Conspicuity 
Embeddedness 
Ambiguity 
Confusability 


ENVIRONMENT 


Visibility 

Cloud Cover (Sky-Ground Ratio) 
Sun Angle 

Lllumination Level 

Diurnal Variation 

Seasonal Variation 
Scintillation 

Glare 

Attenuation 

Transmittance 

Apparent Contrast 

Modulation Transfer Function 


Figure 1. TYPICAL PARAMETERS: 


AIRCRAFT 


Altitude 

Range 

Speed 

Offset 

Target Exposure Time 
Aircraft Type 

Crew Size 

Seat Position 
Apparent Motion 


OBSERVER 


Fixation 
Search Time 
Search Pattern 
Visual Acuity 
Experience 
Training 
Expectation 
Motivation 
Task Load 
Stress 

Number of Observers 
Pre Briefing 
Cueing 

Search Aids 


AIR-TO-GROUND TARGET ACQUISITION PROCESS 








Target dye 

Target type is important ~I2n ~determini nga edirge. 
acguisiticn performance, and is very closely related tc the 
tactical environment. The target type has a significant 
effect cn the classification of objects in the TAP. 
Familiarity with target type or knowledge of the appearance 
and names of specific military objects is necessary for 
target identification. Target type differences are related 
to the differences in other variables such as target size, 


contrast, shape, and cues to the observer. 


Contrast 

Target/tackground contrast is the most impertant 
parameter in target acquisition and the most researched. The 
most extensive studies and the basis for most present day 
models and analysis is the work done by Blackwell in 
1946[ 23]. In the original experiment observers viewed a 
screen of uniform brightness on which a circular target 
(darker Or lighter) would be superimposed. Sukjects 
indicated if they detected the target (i.e., cbserved 
contrast). The level of contrast resulting in the .50 
Detection Prcbability was defined as "threshold contrast". 


Contrast is defined as; 
C = (Bt - Bb) / Bb 


where Bt = brightness of target, and Bb = brightness of 


background are measured at zero distancef[ 19]. 


Contrast can be negative or positive depénding on 
whether the target or the background is the brightest. 
Normally no distinction is made since little difference has 
been found EFetween them in terms of detection, with the 
exception of large stimuli and low background luminance, for 


Which Blackwell determined 20% lower thresholds for negative 
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stimuli. This contrast is the inherent contrast.As the range 
between the cbserver and target increases the effect of the 
intervening atmosphere 1s to reduce the apparent 
target/background contrast. In the limit the contrast will 
approach zero. The attenuation effect is described by 


Koschmieders law{ 19}. 


Q 
V 


Ga. ex Pp "(—-a. R) 


where C = apparent target/background 
GONCLaASt ab range kk 
Ct= inherent contrast at near zero range 
a= attenuation coefficient cf atmosphere 
for prevailing conditions. 


R = slant range from observer to target 


The attenuation coefficient is determined by the 
meterological range V [19] where; a = 3.912/V¥. These 
equations used in conjunction with the appropriate data for 
atmospheric conditions and the inherent contrast can be used 


to estimate the threshold contrast. 


Extensive analysis and lab experimentation has been 
conducted of the effects of contrast for various targets 
against a uniform background. Basic contrast thresholds have 
been inccrporated into many models of the TAP. However very 
few experiments or field tests have been conducted using 
heterogeneous background in field conditions. Analysis has 
Shewn that the higher the apparent contrast for any target 
the greater is the detection probability or identification 
range, and the shorter the detection time. Work on 
acquisition slant ranges’ for targets{ 1], using TNs 
Simulation techniques showed that the same target image on 
different backgrounds produced a large variation in 
detection time and probability, even with image size, 


contrast, and resolution held constant. Clearly the 
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target/background interactions were very significant. Other 
work at the Martin Marietta cCorp.{5] showed that the 
variation in performance due to changes in target/backcround 
contrast levels was the strongest effect. This work 
indicated that once the contrast level reached 25% and above 


it ceased to influence the detection process. 


Target Size 

Target size has been the subject of many tLaboratory 
studies, Sinulaticn experiments, and field trials. Werk by 
Whittenberg and others has shown that it is one of the 
primary target/background variables. Size in these 
circumstances refers to the apparent size of a target to the 
observer. Apparent size, expressed in square mils, is the 
solid visual angle subtended by the target at the observer's 
eye. Apparent size is determined by the actual size of a 
target, the slant range to the target and the angle of the 
observer relative to the object. The importance of apparent 
Size would seem to follow logically from an understanding of 
visual acuity (i.e., the size of detail that the eye can 
resolve). It has been found that the apparent size of a 
target had to exceed the visual acuity threshold by a 
considerable amount. Research indicates that the apfarent 
size Ore a target required for detection depends 
Significantly on the search parameters. These will be 
discussed in a later section. If search for a target was 
needed the aprarent size of a target to obtain detecticn was 
almost double the visual acuity threshold. All things being 
equal larger targets are more easily detected, recognized, 


and identified. 


Target Skape 

Target shape is also a significant factor for the TAP 
that is dependent on the tactical environment. Laboratory 
expirements have shown that targets with large lengthywidth 


Catios were found to be most difficult to detect, but a 
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ratio below 10 had no effect on detection{12]. The aspect 
ratio of a target changes depending on the altitude of the 
observer. Fcr low altitude flight the varying aspect ratio 
is not significant. However a target because of its complex 
Shape will present a different image to the observer 
depending on which side is presented to his view. The image 
received by the observer which is two dimensional has to be 
interpreted into something that can be recognized and 
identified. Hence complex shapes make the task more 
Meer icult [29]. 


Masking 

Masking is a critical factor in detection of targets 
from low flying aircraft. A target can only be detected if 
there is line of sight between the observer and target. If 
line of sight is partially or completely obscured by some 
cbhjects, it is said to be masked. Tactical low-level flying 
deliberately restricts line of -sight. In addition the 
terrain contcurs, type of vegetation, clutter and camouflage 
all tend te produce masking. Camouflage may interfose a 
barrier between the target and the observer. Experiments 
have shcwn that target recognition decreases as the number 
of targets ina complex visual field increases. This is 
partially due to the higher probability that ina cluttered 
visual field one or more objects are likely to completely or 
partially mask the target. Reference 13 mentions that as 
altitude increases up to an optimum level, there is less 
terrain masking and there is better detection at greater 
ranges. 


The range at which unmasking occurs is critical, for 
this combined with speed determines the period of time the 
target 1s exposed to the observer, and hence directly 
influences the probability of target acquisition. It is only 
when unmasking has occured that the other factors come into 


effect. Masking has not been studied in systematic field 
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trials, kut photographic Simulation studies produced the 
interesting fact that heavy masking resulted in shorter 
target acquisition times (time to acquire target after line 
of sight was established). This may be attributable to the 
observers ccmpensating in the search technigues by looking 
at the near distance of the exposed search area, or it nay 
be just that the physical factors of contrast, size, and 
shape were dcminant at the close range at which unmasking 


occured. 


Target Motion 

Target motion was found to be significant for low 
altitude target acquisiion. In studies conducted at 500 ft. 
altitude, and low-speed (350 kts) moving targets were more 
easily acquired then stationary targets. It was also noted 
that the direction of motion relative to flight path was 
important. Detection due to motion can be attributed to: (1) 
cues created by motion ; such as dust clouds; (2) change in 
location, due to motion, being detected; (3) motion itself 
attracts attention which must be different from apparent 


angular velocity of target due to aircraft motion. 


In Figure 2 there is a group of subjective factors 
listed at the bottom of the target/background group. fTfhese 
are the characteristics listed by Zaitzeff(1971){[22] ina 
different approach to defining target variables. This was 
based on the EFelief that in real world situations the target 
variables cannot be separated frem background. The approach 
is to quantify these variables uSing techniques of 
psychometric scaling, which would result in a measure more 
Closely related to the dynamic real world situation than the 
present measurement of physical aspects. This has yet to be 
done. 
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ENVIRONMENT 

The environment in which the observer and the target 
are located affects the detection and recognition of the 
target. Wola as environment is primarily that of the 
atmosphere and we are interested in how it affects the 
visual process. An object is said to be at the limit Ob 
visibility when the target/background apparent contrast 
equals tke threshold contrast of the eye. This distance is 
called the "visual range". Visibility is the degree to which 
target energy parameters exceed the energy requirements of 
the human eye. Visibility determines if a target is detected 
Sa not. Light emanating from the distant target and 
background is removed from the line of sight by absorption 
and scattering due to water vapour, dust and matter in the 
atmosphere. Scme light is added along the line of sight due 
to the scattering effect. Hence the atmosphere has an effect 
on the TAP, since an object cannot be detected until it is 
Within visual range. It does not really have to be stated 
that weather conditions like fog, rain, or snow degrade 
Visibility, but tnere are other factors which can enhance or 


degrade visikility. 


One factor is that of illumination of the visual scene. 
Cleud cover and time of day (diurnal variation) affect 
overall illumination as well as shadow effects. However the 
results of studies of these factors are not conclusive or 
have shcwn the factors were not Significant. At low levels 
of illumination, target detection increases assymptotically 
aS illumination is increased to a level at which there is no 
longer any significant illumination effect. It has been 
determined that the sun has an influence cn visual range. 
Both the elevation of the sun and the azimuth relative to 
the observer target line have an effect. The sun preduces 
glare and scintillation(shimmer). If the observer is lcoking 
into the sun vision is reduced, but if the sun is behind the 


Observer, studies have shown improved target acquisition 
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performance. The ‘sun also heats up the atmosphere causing 
rapid and irregular changes in the index of refracticn of 
the atmosphere. This produces shimmer and laboratory studies 
suggest that this phenomenon is one of the reasons for the 
large disparity in predicted visual slant range and those 


measured in field studies. 


Field studies have shown that if visible range is above 
3 miles there is little effect on target acquisition. [If 
visual range was between 4 and 10 miles the probabilities of 
detecting a target were not significantly different. 1D 
contrast it was found that pocr visibility due to haze hada 
distinct effect on a pilot's ability to navigate and detect 


targets. 


Modulaticn Transfer Function (MTF) 

Modulaticn Transfer Function(MTF) is a measure cf the 
resolution of a component of an imaging system. It is 
usually applied to optics, cameras, video amplifiers, 
displays etc. In recent years it has been applied to the 
atmosphere and/or the human visual system in an effcrt to 
describe, analyse or predict the performance of human vision 
as a system rather than by measurement of separate 
characteristics. Estimating the MTF requires the use of 
Fourier analysis techniques to determine how the systen 
responds to spatial sine wave patterns of different 
frequencies and amplitudes. Based on measured response to 
patterns the response to more complex stimuli can be 
predicted. To determine the sine wave response of the human 
visual system requires indirect .procedures. MIF's have been 
obtained for the human visual system, with the greatest 
Sensitivity cccuring in the 3-6 cyclesydegree region[{8]. To 
derive a MTF for the human visual system requires the 
assumpticn of (1) linearity, (2) average display luminance, 
(3) accomodation distance. The human visual system is 


ncen-linear so this is an immediate difficulty. However the 
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MTF is a useful predictive tool if the MTF was cbtained 
under condition aS similar as possible to those under which 
the prediction 1s being made. The MTF has been shown to bea 
more comprehensive, predictive systems-oriented tool for 
studying human visual response, but has not been used in 
predicting target acquisition. In theory target acquisition 
could be predicted by the resultant combination of the 


atmospheric MTF and the human visual MTF. 


OBSERVER FARAMETERS 

This grcup cf factors concerns the performance of the 
observer and his sensor "the eyeball". The pertinent 
characteristics of the environment or the target and its 
background will only come into effect once the observer 
directs his eyes to the area in which the potential targets 
are located. The eye has only a small foveal area where most 
of the fine resolution occurs. Target acquisition requires 
that the target image be directed onto the fovea. Hence the 
human performance of the observer is an essential parameter 
of the TAP. Visual acuity of observers would normally bea 
Significant factor, but the selection process for military 
pilots and cbservers will eliminate those without a mininuo 
satisfactory level. Similarly intelligence by a combination 
of selection and training is not a major factor. What does 
appear in both laboratory and field studies is that search 
technigue is the significant factor. Reference 4 concluded 
that a pilot, having reached the vicinity of his target, 
then spent 80% of his time searching for the target, 18% 
acquiring and 2% identifying it. This is indicative of the 


importance of search. 
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Visual Search 

The time at which opposing sides sense the locaticn of 
their opponents weapons has substantial effect on tactical 
outcomes. Unaided visual search continues to play a dominant 
role in military operations{[19]. In visual search the 
observers eyes do not scan evenly and continuously over an 
area, even though the observer thinks they do. The eyes 
actually jump from one position to another. During these 
jumps there is a reduction in visual Sensitivity. The 
visual field is only perceived when the eye fixates (fauses 
mcmentarily). These pauses are called fixations and last for 
about .33 seconds. Hence visual search is a Series of visual 
fixations eventually stopping at an object or target. These 
patterns cr fixations are called search patterns, and can be 
matural cr léarned. A diagramatic representation of this 


search precess is shown in Figure 2 [22]. 


Natural Search Patterns 

Natural search patterns can be random or cue induced. 
Studies of fixation patterns have shown that for large 
display areas (50-90 degree visual angle) the mean fixation 
time is .33 seconds. For a small display area (less than 9 
degrees visual angle) the duration increased to .60 seconds, 
and a high percentage of the fixations fell outside the 
search area. This suggests that observers initially use a 
repeated random pattern of fixations, and then use possible 
cues or expand the search area if no cueS are present. [In 
the test reported in reference 11 it was concluded that 
hatural patterns tend to be randcm rather than systematic 
and prior kncwledge induces a more systematic approach. 
Other studies have indicated that the movement of the eyes 
has been determined by peripheral vision before eye movement 
and fixation actually occurs. Observers tend to fixate on 
objects which have the specifications they expect the target 


to have. Fixation in air-to-ground simulation have been 
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shown to ke concentrated in a small portion of the visual 
scene. They were concentrated near the horizon in the center 
of the field of view, and also tended to concentrate on 
terrain factors like roads or clearings. Those observers who 
had shorter fixation times also tended to report longer 
target acquisition ranges. This infers that these observers 
were able to cover a search area more effectively and hence 
observed the targets at the greater range. In-flight 
studies of eye movement during field tests have not been 


conducted. 


Learned Search Patterns 

It has been stated that for nearly all air-tc-ground 
search conditions the observer wastes more than 40% cf his 
time in useless search activity during the period after the 
target has become available but before it is reported as 
acquired. Improvement over natural patterns would be 
desirable. Evaluation of search patterns used by Army filots 
in low altitude slow speed search showed that some patterns 
were better than others. A side to side and forward and back 
comkined movement was the best. More study is needed to 
define the characteristics of "good" versus "poor" search 
and an "organized trained search" versus "naive random 


s€arch'", 


Qperaticnal Search 

In terms of operational conditions there are three 
search situations. The situation will greatly influence the 
observers probability of detecting a target, and in most 
cases the observer has no influence over the situation. 

1. Line search: the observer knows approximatelt where 
mmemecarget 1s located and is searching for it along a 
pre-selected route. Normally this would be at low altitude 


and the target would be unmasked for a very short time. If 
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the observer is not searching at the correct locaticn the 
target will be unobserved. This is typical of route 
reccnnaisance. 

2. Area Search: A target is known to be in a specific 
area, but its exact location is unknown. The task is to 
locate the target and pin-point its location for effective 
fire. 

3. Random Search: Targets are unknown in both time and 
mecat On . This is typical of most operational search 
Situations. If nothing is known about the area or target, 


the probability of acquisition is very low. 


Search Time 

The time it takes to search for and acquire a target in 
any operational situation depends on how long the target is 
exposed to the observer (i.¢., the period of time during 
which line of Sight exists ). The period of exposure is 
Bewated to the factors of aircraft speed, observer field of 
view, masking, and altitude. In a tactical situation an 
observer has limited control over these factors and in most 
cases the time the target is visible will be of short 
duration. Hence if the target is not found quickly it will 
not be found at all. During the period of target exposure 
it is necessary that the observer's search technigues, 
influenced by such variables as prior knowledge, briefings, 
fmiemeecexpectation, allow the eye to fixate on the target. If 
this occurs then acquisition will result depending on 
targetybackground relationships or environmental parameters. 
Search technigues can be improved by training, use of cues, 
effective briefings, and prior knowledge. Improved search 
technigues will result in better target acquisition. 


Training and Experience. Results of laboratory tests 
relating search perfcrmance to experience in search tasks 
are not conclusive. Tests between pilots and nonpilcts in 


visual search have indicated that general experience is not 
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Significant. However the experienced personnel had fetter 
results with target identification. It was found that 
practice on search tasks or experience related to a specific 
search area imprceved performance. Training 1n search 
techniques was found to be useful in improving target 
acquisition performance. Tests of U.S. Army observers were 
conducted by the Army Aviation Human Research Unit at Fort 
Rucker, Alabama, and reported by F.H. Thomas in 1964. Four 
necessary visual search skills were identified (1) detecting 
targets by methodical search; (2) identifying targets 
uc K 1 y ; (3) maintaining geographic orientation; (4) 
determining locaticn of targets. An experimental course 
emphasizing these skills resulted in students with only 32 
hours of training performing as well as conventionally 


trained Army aircraft observers. 


Motivation. No data is available concerning the effects 
of =motivaticn on the TAP. In laboratory studies of visual 
search, where money waS used aS an incentive to test 
subjects, positive results were reported. Seanen 
performance improved, although the false alarm rate also 
increased, but not to the same extent. In actual warfare the 
author postulates that the motivation for effective search 
would be present, since it may be a race against time to 
determine if the enemy is acquired and destroyed before 
there is a chance of retaliation from the ground troops. The 
interaction between more target acquisitions and more false 
alarms makes it difficult to postulate if this motivation 


would result in an improved TAP. 


Search Aids. Search performance is improved if the 
observer has some guidance on what to look fer and where to 
lock. Mental conditioning or a preconceived idea on what to 
expect and where to expect a target have been shown to 
Significantly increase visual capability. Search aids can 
improve an observers expectation of being able to acquire a 


target and this has been found to be directly related to his 
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actual capability. Search aids include pre-briefing and 
search cues. Pre-briefing consists of information about the 
target area, such as terrain and complexity, and the’ target 
itself. Pre-briefing can include maps, aerial photos and 
verbal description. Studies have shown that map-reading 
skills are also important. Cues on when and where tc look 
are significant. Natural cues exist in the natural setting 
of the target area, and are particularly important to 
tactical helicopters. Cues are related to the mental picture 
that the observer has of the target area and target. This 
picture is related to his prior knowledge and tc the 
pre-briefing. Terrain features related to a mental picture 
of the area will allow the observer to reject areas not 
worthy of search, and induce him to search more intently in 
others. For instance an observer would reject swamp or 
marshy ground as likely areas for tank targets, but would 
concentrate on rolling ground with trees and brush providing 
camouflage. For helicopters flying NOE cues are especially 
important for re-detection which occurs when a target is 
acguired initially and then becomes masked as the helicopter 
moves to a more favorable position to engage the target. 
Without natural cues, the ability to re-detect would be 
reduced. The USACDEC Experiment 43.6, ccncerning attack 
helicopters and the Visual Acquisition System 
Evaluation(VASE), as reported in Reference 32, showed that 
the helicopter aircrews gave their subjective impression 
that the greatest detection cues were dust from target, 


target motion, Simulated weapon smoke, and target size. 


The most Significant observer parameter is the 
individual's search technigue. If the cbhserver has the 
necessary physiological attributes (e.g., visual acuity), 
and this 1S combined with proper search techniques, 
training, and experience to gain prior knowledge, then the 
probability that search will be effective is increased. 
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AIRCRAFT FARAMETERS 

Aircraft parameters acre important in as much as they 
influence or affect the target-atmosphere-observer chain. 
The physical design of an aircraft can influence the 
observers performance. Vibration has been found to impair 
visual accuity, with its effect being the greatest at about 
10-25 Hz, depending on the amplitude of vibration. 
Visibility towards the ground is related to the gecmetry of 
the cockpit and other obstructions. The observer's seat 
position in different types of helicopters has resulted in 
differences in target acquisition. Zaitzeff, in a paper 
given at the Aerospace Medical Panel of the Advisory Group 
for Aerospace Research and Development, in May 1969 reforted 
the use of a two-man crew rather than a single member 
resulted in target acquisition at 30% greater ranges with 
fewer targets missed. This seems to result from doubling the 


search effort applied to the same area at the same time. 


Apparent Motion 

The speed and altitude of an aircraft affect the 
apparent motion of a target relative to the cbserver. Visual 
acuity itself has been found to vary as a functicn of 
angular velocity, which causes the observer to change his 
fixation techniques. Observers tend to jump ahead, fixate on 
a pcint and look at that point until the aircraft approaches 
1t, then again fixate forward. In an aircraft an cbject 
appears to move towards the observer. This apparent motion, 
caused by a continuous change in line of sight, has a 
degrading effect on visual detection and recognition. The 
angular subtense of an object grows in size, and relative 
positions of target and background change. Horizcntal, 
lateral and vertical proportions of a target change at 
different rates, causing complex visual geometry. This tends 


to cause changes in apparent brightness and contrast of a 
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target. These effects due to motion interact with the normal 
Static variaktles. These all reduce the effectiveness of 


search after line of sight has been established. 


Target Offset 

Target offset occurs due to errors in navigation Ly the 
pilot, conditions of low-level flight imposed by the 
terrain, or by aircraft design which requires side looking 
observers. Classified results of tests are not available, 
but in general show that target acquisition performance 
decreases with increasing lateral offset. Reference 14 lists 
distance of Eager LOt Cert toiue: pdtne as OMe Qt | thc 
eeagnicticant contributions to overall degradation in 


low-level target acquisition. 





The abcve parameters are not significant when compared 
with target exposure time. Speed and altitude considered 
together influence the total target exposure time. Field 
tests, conducted in Southeast Asia and reported by Blakeslee 
in 1963, of visual search from U.S. Army aircraft at low 
altitudes and low speeds show that with an increase in speed 
target acquisition decreased. Unfortunately with tactical 
helicopters low-altitude target search results get 
confounded with masking effects. Studies have shown that 
wherever the targets were unmasked, there was a higher 
prcbability cf target recognition at 50 feet altitude rather 
than at 100 feet. This is due in part to the aspect angle of 
the target, being very much like the normal way an observer 
perceives the world. Few if any low-altitude studies have 
specifically reported data on masking effects. What has been 
Observed in trials is that the detection probability from 
dow level (below 100 ft.) contour flying helicopters has 
been low. The maximum range of detection for tanks was 1400 
yards, with a median range of 300 yards(274m). Given 


detection, recognition was very high. In 1974 further tests 
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at the Naval Weapon Center with a normal altitude of 150 ft. 


gave a median range of detection of 347 meters. 


SUMMARY 

: From the review of the literature and the summary of 
parameters presented in this report, the author has 
determined those factors which are considered to be most 
Significant on the TAP. Given a specific tactical 
environment, the relatively slow Speed ep Cas). of 
helicopters, and low altitude NOE or contour flying 
techniques, the following are the parameters which will 


determine the degree of success in target acguisiticn. 


Search Techniques. Improved observer performance, due 
to the ‘use of effective search techniques, will counteract 
the effect cf short target exposure time inherent in 
low-level flight. This in turn will increase the probability 
of more target acquisitions. The techniques employed will be 
determined ty the training received by observers, their 
prior kncwledge, effective pre-briefing techniques, cues, 
experience Or knowledge of search area, and human 


engineering design of aircraft. 


Masking.Terrain contours combined with height, depth 
and density of vegetation will determine the degree of 
target masking. Buildings and other clutter in the target 
area will also cause complete or partial masking. Line of 
Sight between observer and target must exist before the 


target acquisiticn process can begin. 


Target Exposure Time. The time for which a target is 
exposed is related to the masking effects and the speed of 
the aircraft. Altitude changes in tactical low-level flight 
Will be small, and their effect on target exposure time is 


nermally confounded by masking. 
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Apparent Target Contrast. This appears to be the most 
significant factor related to the performance of the human 
eye. Apparent contrast is determined by the target and 
background characteristics, and all the attenuating and 


degrading factors of the atmospheric environment. 


Target Size. This is the second most important factor 
affecting the human visual system. At low level altitude the 
vertical dimension is more impcrtant than apparent lateral 
dimensions. The target must be large enough such that its 
angular subtense iS a considerable amount larger than the 


visual acuity threshold. 


Apparent Motion. Apparent motion is determined by 
altitude, speed and flight path of the aircraft relative to 
the target position. Apparent motion degrades dynamic visual 


acuity. 
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IV.TARGET ACQUISITION MODELS 

Having considered and evaluated the parameters involved 
in target acquisition it is necessary to determine if the 
significant cnes are effectively used in analytic models. It 
has been shown that the tactical environment of the low 
flying helicopter has made certain factors more impcertant 
than others. A review of the literature on current 
air-ground target acquisition models was made to decide 
Which were best or most Suitable for the Special 
circumstances of tactical helicopters and ground combat 
targets. jIn order to evaluate the approaches to modelling it 
waS necessary to review the original nodels of search and 
detectior Sirce most models to-day have the same origins. 
The literature also gave an indication of how the models 
related to laboratory and field experimental data. 
Informaticn on the validity of models is essential in 
determining their Suitability for use in specific 


circumstances. 


The two major references for the models in existence 
were Greening{12] and the Martin Marietta Source Bookf 22]. 
Many models are in existence for unaided visual search. 
Greening lists 20 different models, and reference 22 
re-considered these plus 17 additional models. However both 
references had to delete many models for detailed 
consideratior Since they were not well documented, or were 
not widely used. Reference 22 listed 10 models that were 
considered tc be unique, well validated or widely used. 
These mcdels were assessed as to their suitability for 
certain tasks. Figure 3 lists these models. Based on these 
models and their limitations conclusions are made on their 
Suitability fcr modelling target acquisition from tactical 
helicopters. 
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EARLY MOCELS 

The history of target acquisition models parallels that 
of target acquisition research. The first model of the 
air-to-surface visual search process was developed during WW 
II by the Operations Effectiveness Group under B.O. Koopman. 
This model is still highly influential. The portion of the 
model dealing with visual detection was proposed by E.S. 
Lamar. Lamar used data obtained by Craik in the JUnited 
Kingdom with respect to detection ranges for targets of 
given contrast, size and angle from the observer's line of 
sight{12]. This data in conjunction with other data relating 
single glimpse probability of detection eo apparent 
threshold contrast, allowed Lamar to develop his concept of 
a "visual detection lobe." This was a convenient way of 
expressing the average probability of an observer seeing a 
target ina single glimpse. A visual lobe iS conceived as 
being a volume in space surrounding the visual axis of the 
glimpse and within which a target will always be seen. In a 
Bems> it is the locus of threshold contrast points (Figure 
4). This loke defines the value of the threshold contrast 
which wculd be barely discernable, as a function of target 
size and angle off the visual axis. This lobe encloses a 
volume, but when the eye is directed at the ground a plane 
of intersection is formed which is the amount of search area 
covered in a single glimpse. This lobe is a hard-shell or 
"Cookie cutter" approximation of the probability of 
detecting a target, in which a target inside the lcbe is 


seen, and outside the lobe is not seen. 


The loke shape results £rom the fact that targets at 
extreme range can only be focused on the fovea of the eye, 
but at closer ranges the target may be seen peripherally or 
off the fovea. Lamar defined his visual lobe by the 
following equations{ 12,19]: 


40 





Ct = .0157 + 0.152/p* for@< .80 
Ct = .0175 +¥® + 0.190" for .89°<@< 900 


where 8B = angular subtense of target (min of arc) 
Q@ = angle off visual axis (deg) 
Ct = Contrast Threshold (probability) 


Lamar then developed an expression for single glimpse 
probability of target detection for linear and area search 
as a function of target subtense, contrast and search area. 
The expressions are based on assumptions of random search 
which are appropriate for air-sea situations and are 
validated by laboratory experiments. The work reported by 
Blackwell, on threshold contrast, and later by Taylor at the 
University of California Visibility Laboratory, provided 


additional scurces of data for determining visual lobes. 
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FIGURE 4. Visual Detection Lobe 


This theoretical model of the single glimpse 
probability is related to the overall target detection 
precess by .the glimpse theory of search. This is a 
theoretical explanation of search in which it is assumed 


that search takes place in a series of distinct glimpses, / 
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distributed over the search area in a randcm or systematic 
order. This is based on the physical fact that observers 
fixate their eyes for brief periods when searching an area. 
Each glimpse as explained above yields an independent 
prcebability of seeing the target. These individual 
protabilities can be combined in many ways, depending on the 


pattern of search, to produce a model of search. 


A randem search model tends to fit the results obtained 
from lakcratcry experiments better than a systematic Search 
mcdel. Prceblems also arise in obtaining a good model where 
the search area 1S small or the time available for search is 
lengthy. The model assumes that each independent glimpse 
covers a certain amount of the search area, depending cn the 
size of the visual lobe. If 1t 1S assumed that each glimpse 
probability(p) 1S constant during the search, and that each 
glimpse takes T seconds and total time during search is t 
seconds then the cumulative probability of seeing the target 
eoie2),27); 


F = 1- exp(-¥t) 
where § = detection rate = -ln(1-p)/T 
1/8 = expected detection time 


In cases where the individual glimpse probability 
changes over time the detection rate also changes. In this 


case the cumulative probability would be expressed as; 


t 
P=1- exp (-| ¥ (t)dt , 
@ 
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MODEL AEEROACHES 
There are two general ways of developing models of the 
target acquisition process. They are the 
analytic-constructive approach, and the Operational 
approach. The first is more research oriented and the second 
is directed towards field test data. 


* 


Analytic-Constructive 

This approach to modelling is based on using research 
data and ascertaining the relative importance of various 
factors. The research data is qualitative and usually 
pertains to measurable performance of the human visual 
system. Using this data the model is developed in segments. 
Most best kncwn models have been developed uSing this 
approach. The search and detection precess has been 
modelled, based on laboratory experiments (e.g., Blackwell 
etc.) mcdified by field "fudge" factors and then other 
elements are added to account for the factors that determine 
reccgniticn and identification. These include such things as 
clutter, target size and shape. Human behaviour factors are 
usually not considered, as the model builders tend to use 
quantitative variables obtained from laboratory experiments. 
These models require extensive mathematical processing. 
Typical of such a model is the MARSAM II model in which the 
Various segments Or sub-models are described as 
prokabilities which are assumed to be independent and are 


multipled together to obtain a single numerical value as 


follows: 
P= Pl. PE£ . Pd. Pe 
P’r=—P -. PE 
where Pp = probability of detection 
Pl = probability of line of sight 
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Pf = probability of fixating and dwelling on an 
object 

Pd = probability of detectability 

Pc = prokability of confusion, target and 


non-target objects 


PI 
P'r= joint probability of detection and 


probability of recognizing a detected target 


recognition 


mE Sew aE Ee ee BP Ee an Se eee 


This approach to modelling is based on field test data 
obtained under specific conditions. The model is 
constructed empirically to best fit the data. This approach 
is not mathematically elegant and may be less precise, but 
for predictive purposes it may be better. Predictive 
capability will depend on the similarity between the 
Original test conditions and the situation being predicted. 
Few models have been constructed in this manner, but the 
Franklin and Whittenburg (Fr and WwW) model is_ such a 
model{22]. It was based on the operating characteristics of 
army air observers and was characterized by (1) reliance on 
field data, (2) reduction in variables, and (3) simplicity 
of form. It is unigue in that detection, recognition, and 
identificaticn are intermingled, and it omits such standard 
variables as threshold contrast, luminance and 


meteorological visibility. 


The F and W model was based on low altitude(200ft) and 
low speed(1COmph) detection of targets with nearest slant 
ranges of 230-900 ft. This model was based on these 
Variables: target size, target shape, luminance, contrast, 
clutter, terrain, altitude, range at closest approach, and 
platform speed. These variables were grouped together to 
determine apparent size, target distinctiveness, and 
exposure time measures. These were combined to fit the test 


data, as fcllcws: 
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Se =85' ~s@6e. Te 


where Se = effective target size 
S' = average apparent size 
C = target distinctiveness 


Te = exposure time 


The prebability of detection/identification (Pdi) was 
then predicted by the expression. 


Fdi = 1 - exp(-0.0167 Se) 


GENERAL CCMMENTS ON MODELS 

The authcrs of References 12 and 22 examined many 
models and based on this they made some general observations 
on Air-Grcund Target Acquisition Models. These comments give 
an insight into the state of models in this field and are 
Summarized. As Greening states " the aggregate modelling 
MOEK. «« is out of balance, compared with the known 
influences cn observer performance. The great bulk of the 
effort has keen expended on threshold discrimination of 
contrasting patches on uniform patches." The major driving 
functions in models are contrast and target apparent size. 
Unfortunately the classic models of Lamar/Koopman disregard 
the observer. It is no longer realistic to discuss the TAP 


entirely in terms of liminal visual performance. 


The models in existence use varying search models, 
mostly derived from the Lamar/Koopman models, and have 
little ocr no validation{12]. No consideration is given to 
the influence of the observers "response set," training or 
prior knewledge and ignores benefits of cueing. Ancther 
obvious defect is that none of the models examined included 
target moticn asa factor in detection. Mcst nodels try to 


account for target masking in the caiculation of the 
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probability of line-of-sight, but the likelihocd of 
line-of-sight is difficult to estimate stastically. This 


Will continue to cause problems in realistic modelling. 


Because of the lack of continuous work in this field, 
‘development cf models has been sporadic. The result has been 
no synthesis cr cross-fertilization among model approaches. 
This may te attributed to the fact that models are difficult 
tc compare because of different forms of output Or 
deficiencies in documentation. Hence when a model has been 
needed it has been easier to develop a new model rather than 
amend or update an existing model. The only exception to 
this has been the British work. Recent work led by E.B. 
Davies at the Royal Aircraft Establishment (RAE) has 
continued to develop models based on the visual lobe 
ccncept. They have refined the models to (1) eliminate 
wasting cf the visual lobe outside the search area, (2) 
@empencate for targets near visual threshold levels, (3) 
have better approximations of shape On visual lobe 
intersection with ground and (4) more closely match field 
test data. A second group led by G.P. Owens has developed 
the VISTARAC model. This model is classified, however it is 
based on a single glimpse probability derived from a 
"Stimulus value" of a target. This value is determined from 
the "critical feature" of the target object. The model also 


includes a search area factor anda line-of-sight factor. 


SPECIFIC MODELS 

Of those models listed in Figure 3 only three models 
have the capability of effectively dealing with low 
altitude, relatively slow speed, and small ground targets. 
They are the CAL-Ryll model, the F and W model and the 
SRI-CRESS/SCREEN model. The conclusions drawn by the authors 
of reference 22 were obtained after careful analysis of the 
models, including validation. The CAL-Ryll model is an 


analytic-constructive type and the other two are 
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operationally orientated. The F and W model has no current 
work being dene with it, and since it was used as a basis 
for the development of the SRI model it will not be 


considered further. 


CAL-Ryl1 

This mcdel was developed at Cornell Aeronautical 
Lakoratories by Ryll for the U.S.Army. Its objective is the 
prediction cf observer performance from low-speed, 
low-flying aircraft. This model deals particularly with the 
problem cf terrain and vegetation masking. It systematically 
covers many variables such as speed, altitude, sun position, 
contrast, atmospheric conditions, line of sight, fseudo 
targets, different search methods etc. A detailed flow chart 
1s shown on fages 6-12 to 6-17 of Reference 22. Figure 5 
Ween follows’ is a flow chart of this model. The output of 
this model is a matrix giving the single glimpse probakility 
of seeing the target for each point in the search area. 
Outputs are given for different combinations of altitude, 
airspeed, and look-down angle. The Single glimpse 


probability is determined as follows: 
k= Ps « Pc . Pn 
where P = single glimpse probability 
Ps = probability target is unmasked 


Pc = probability of detecting contrast 


Pn = effect of trees and non-target objects 
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REAO IN FIXEO PARAMETERS: 
CONTRAST, SPEED, ALTITUOE, SUN ELEVATION, SUN AZIMUTH, 


TERRAIN REFLECTANCE, ATMOSPHERIC CONDITIONS, TARGET 
CHARACTERISTICS 





SET OBSERVER OVER INITIAL POSITION 


CALCULATE OIRECTION OF LINE OF SIGHT (FROM SCAN PATTERN) 


EXAMINE SURROUNDING AREA FOR TERRAIN MASKING 


CHOOSE INITIAL POINT ON GROUND: RELATIVE TO OBSERVER 


CALCULATE EFFECT OF FOLIAGE 


CALCULATE GEOMETRICAL RELATIONSHIPS 


RANGE, ILLIMINATION ANGLE, RELATIVE SPEED 
SELECT A NEW 


POINT RELATIVE 
TO OBSERVER 


CALCULATE EFFECT OF ALL HUMAN VISUAL FACTORS 
SUBTENSE, CONTRAST, BRIGHTNESS, ETC. 





ALL POINTS 
NOT YET INCORPORATE RESULTING VISIBILITY PROBABILITY 
CONSIDERED OF SURROUNDING AREA INTO TABLE OF CUMULATIVE 


VISIBILITY PROBABILITIES FOR ENTIRE SEARCH AREA 


ALL POINTS CONSIDER ED 


NOT FINISHED 
MOVE OBSERVER ALONG FLIGHT PATH 


FINISHED 


PRINT OUT MAP-LIKE RESULTS 


SOURCE: RYLL, 1962 
Figure 5. Basic Flow Chart for Ryll Aerial Observer Model 
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SRI-CRESS/SCREEN 

This observer model was developed by the Stanford 
Research Institute as part of a comprehensive model CRESS 
(Combined Reconnaisance, Surveilance and SIGINT) which was 
later mcdified and called SCREEN (SRI Counter-Surveillance 
Reccnnaisance Effectiveness Evaluation). The basic structure 
of the model is shown in Figure 6. It can be seen that it is 
conceptually similar to the F and W model mentioned 
previously. The model reguires input information about the 
targets and Lackgrcunds, search geometry and environment. 
The’ outputs are probabilities of detection, identification 
and recognition plus non-detections and false targets. This 
model is the only one that handles complexes of targets. A 
target array giving type characteristics, locations, 
camouflage status, clutter factor, etc, is used aS an input. 
The output is an elaborate decision matrix. Reports of field 


test validation of this model are not available. 


Cc 
A 
Tg 


APPARENT EFFECTIVE APPARENT ca EFFECTIVE 
CONTRAST TIME SIZE » SIZE 
Sa 
Se 
HIGHLIGHT EXPOSURE TARGET 
REFLECTANCE TIME AREA 
PROBABILITY OF 


DETECTION/ 
IDENTIFICATION 


LOWLIGHT MAXIMUM Di 


REFLECTANCE PROBABILITY 


° 


VISUAL 
RANGE 


F 4 


Bee en ton, SRI CRESS/SCREEN Model Structure 
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SUMMARY 

The investigation of available air-te-ground target 
acquisiticn models as outlined above can be summarized as 
follows. 
(1) A reasonable well validated mathematical model of visual 
Seareh does nct exist. Models have been only validated with 
larEcratory data. 
(2) Models are difficult to compare because of different 
forms) Of output. | 
(3) The building block approach of constructing models with 
use of sub-models for particular variables seems most 
appropriate as it will allow sub-models to be validated 
Separately. 
(4) The main function a current models are 
target/backgrcund threshold contrast and target apfarent 
Size. Observer variables are largely ignored. 
(5) Only the SRI and the CAL-Ryll models can handie the 
tactical environment related to the TAP from tactical 
helicopters. The SRI model appears to be better suited for 
modelling a typical battle field with many targets. 
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Ve CONCLUSIONS 


The target acquisition area is not well defined 
conceptually cr with respect to standard terminology. MThis 
has resulted in mixed or overlapping concepts. This no doubt 
is due in part to the interdisciplinary nature of the 
subject, with various aspects being studied by different 
persons cr groups. This has led to voluminous quantities of 
literature. The great number of variables and the varying 
degree of research and definition applied to each have 
resulted in the target acquisition area being "messy" and 
confusing. The target acquisition process consists of the 
observer searching an area, detecting an object as a 
possible target, and then by recognition and identification 


classifying it as such. 


The investigation of the parameters affecting the 
target acquisition process and their relationshif to the 
particular preblem of tactical low flying helicopters has 
resulted in these parameters being considered the most 
important. 

(1)Search Technigue. The behaviour of the observer is 
critical, tut because it is not amenable to easy 
guantificaticn or modelling this area has been largly 
ignored. © 

(2)Masking. The terrain and vegetation in conjunction with 
the tactical flying technigues will produce severe masking 
of potential targets. Line of sight between observer and 
target has tc exist. 

(3) Target Expcsure Time. [In contour or NOE flying this is 
determined by the helicopter speed and the masking effects. 
The cbsérver must have sufficient time to search the area 
centaining the target once line of sight has been obktained. 
The time must Fe sufficient to allow the eye to make contact 
with the cbhject, detect it as a potential target, and then 


recognize and identify it. 
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(4) Apparent Target Contrast. This is one of the impcrtant 
factors affecting the performance of the observer. The 
eye/brain combination must perceive a sufficient difference 
between a target and its background in order for an cbject 
to be detected. 

(5) Target Size. This parameter is also extremely important 
in detection cf objects by the eye. The target apfarent 
size must be substantially larger than the acuity threshold 
for target acquisition to occur. 

(6) Apparent Motion. The movement of the aircraft causes 


apparent motion of the target which degrades visual acuity. 


The models that exist for the prediction of human 
visual target acquisition are not well validated. The mrodels 
acre difficult to compare because of different outputs. The 
observer search performance is largely ignored in most 
models. The emphasis is on target contrast and aprfarent 
size. The models in many cases were developed such that they 
fitted laboratory data. Unfortunately in most cases they 
have not been validated with field data. In those few cases 
where this has been done the models had to be modified with 
compensating Bac torus. Only the CAs Rive and the 
SRI-CRESS/SCREEN modelS appear capable of handling the 
modelling of target acquisition of tactical ground forces 
from tactical low flying helicopters. SRI has the capability 
of handling groups of small targets. Until the areas of 
observer search technigues and target masking are 
sufficiently well investigated, modelled and validated, the 
results of predictive modelling of target acquisition from 
helicopters will be open to question. 
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VIe RECOMMENDATIONS . 

Based on the authors review of the literature and the 
conclusicns reached on target acquisition as it pertains to 
tactical low-flying helicopters certain general 
recommendaticns need to be made. It is necessary to bridge 
the gap between laboratory data and field data if the 
realism of predictive models is going to be improved. The 
"fudge" factors presently used in some models need to be 
validated by further field test data. In the tactical 
environment relating to low-flying helicopters more research 
is required cn the effect of masking and observer search 


performance. 


More research on observer search performance is. needed 
to obtain mere data on the characteristics of "good" versus 
"had" searchers. This could lead to development of tketter 
models cf the search process and hence better target 
@Gawisiticn prediction. Training observers in search 
technigues, such as how to search, what to search for, and 


the use cf cues, 1s recommended. 


At present target masking during low-level flight tends 
to confuse test results pertaining to observer performance. 
More work is required to classify the relationship between 
masking and terrain, vegetation, and target clutter. This 
information in conjunction with typical tactical flight 
patterns might lead to better predictive models. 


It is recommended that a new model specifically for 
target acquisition from tactical helicopters be developed. 
The CAL-Ryll and the SRI models would be good starting 
points. A new model should be optimized for the classes of 
targets specific tc the ground ccmbat environment. The model 
shculd ccncentrate on typical targets such as troops, 


defensive esitions, and vehicles rather than airfields and 
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Similar targets. The actions recommended might lead tc the 
development of a well validated predictive model cf the 
target acguisition of ground combat targets from tactical 


helicopters. 
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APPENDIX A 


a See — 


GLOSSA 


re 
Is 


The following definitions of target acquisition terms 
are used in this thesis. These definitions are extracted 
from Reference 29. The primary sources for these definitions 


UG a 


imelsS. JOlntesechlers of Start Publication 1; Department 


or Defense Dictionary of Military and Associated Terms. 


2. U.S. Joint Test Project Plan of Combat Air Support 
Target Acquisition Program SEEKVAL,July 1973. 


ACCUISITICN: Process of detection, recognition and/or 
identification of a target in sufficient detail to permit 
the effective employment of a weapon against a target. A 


generic term covering all aspects of targeting. 


ACQUISITICNA DIRECT VISUAL: Acquisition by use of the unaided 


eye. 


ACUITY-VISUAL: In general the ability of the eye to see fine 
detail. 


CLUITER: Cbjects, natural or artificial in the general area 
of the target cther than the target which tend to hinder 
target acquisition because of their perceived Similarity to 
the target. 


CONES: The receptors for the optic nerve, located in the 
retina and concentrated in the fovea and macula, which are 
ccncerned with sharp vision, high ambient light, and cclor 


vision. 
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CONTRAST4 APPARENT: For a given range, the difference 
between the luminance of a target and the lustinance of the 
background, divided by the luminance of the background; 


includes the effects of atmospheric attenuation. 


CONTRASTS INBERENT: For luminance meaSurements taken close 
to the target, the difference between the luminance of a 
target and the luminance of its background, divided by the 


background luminance. 


CUE: An item, feature, or Signal that enhances target 
detection or acts aS an indication of the nature of the 


ckject perceived. 


DETECTION: The determination that an object classifiable as 
a target has been seen, l1.e., the decision that a possible 


target is present in the scene being searched. 


FOVEA: The retinal region of the eye that contains only 
cones; 1t 1S the area(approximately 1.5 degrees) that 


mediates the highest degree of visual acuity. 


GLARF: Any brightness within the field of vision of such 
character as tc cause discomfort,annoyance, interference 


with visicn, cr eye fatigue. 


LUMINANCE: The photometric term corresponding to radiance; 
specifies the amount of luminous flux radiated from an 
extended rody per solid angle and per projected area of 
radiating surface; expressed in lumens per steradian per 


square meter. 


MASKING: The concealment or partial concealment of a target 
from view. Targets are masked by natural or artificial 


features. 
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MODULATION TRANSFER FUNCTION: A characterization of an 
acquisiticn system in the spatial freyuency domain - 
specifically, the magnitude of the Fourier Transform of the 
line spread function (the line spread function describes the 
display cutput of an acquisition system viewing an extremely 


narrow straight line). 


NAE-OF-THE-~EARTH FLIGHT: Flight performed as close to the 
earth's surface as vegetation and obstacles will permit and 
generally fclicwing the contours of the earth. Airspeed and 
altitude are varied as influenced by the terrain, weather 


and the enemy Situation. 


OBSERVER: One who acquires and designates targets; includes 
forward ground observers, aerosccuts, forward air 


centrollers, and other aircraft crew members. 


PERCEPTUAL EMEEDDEDNESS;: The degree to which a target 
appears to be part of a larger area , either background or 
foreground, thus providing a pattern which is difficult to 


detect or recognize as a target. 


RECOGNITICN: The decision that an object detected can te 
specified as a particular object or member of a particular 


Class of objects. 


RETINA: The innermost coat of the back part of the eyetkall, 


consisting of cells sensitive to light. 


ROD: A light sensitive cell in the retina and concentrated 
on the periphery of the fovea. It is the only photoreceptor 


functioning under low levels of illumination. 


SLANT RANGE:-The range from the observer directly to the 
target along the line of sight. 


SLANT RANGE OF VISIBILITY: The slant range for which the 
contrast between an object and its surrounding is egual to 


the threshold contrast of the human eye. 
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THRESHOLD: The amount of Signal required to cause a sensor 
to respond to that signal. In psychophysics, a probabilistic 
ccncept often defined as the amount of energy required for a 


subject to detect a stimulus on 50 percent of the trials. 


VISUAL ANGLE: The angle subtended by an object in the visual 
field at the nodal point of the eye. This angle determines 


the size cf the image on the retina. 
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In the research for this thesis it became apparent at 
an early stage that the published work in this field was 
extremely large. The bibliography listed in this report are 
only those publications reviewed by the author that were 
used to write this thesis. Others were discarded as being 
irrelevant. The best reference was Reference 22, the Source 
Bock, published by the Martin Marrietta COED. This 
reference lists 1750 entries in its 133 page bibliography. 
In Appendix A of this same publication it gives an 11 - page 
subject index to the bibliography, for quick reference. This 
index is classified by the important variables ei 
air-to-grcund target acgquisiticn. Those readers wanting to 
obtain more detailed information sources are urged tc _ use 
this extensive bibliography which is indexed by the 


fcellowing variables. 








Type Size 

Shape Contrast 

Color Luminance/Reflectance 
Texture Motion 

Shadow Terrain Type 
Vegetation Masking 


Counter Surveillance (Camouflage) Clutter 


Cues Distinctiveness 
Conspicuity Embeddedness 
Ambiguity Confusability 
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Aircraft Parameters 
Altitude 

Speed 

Target Exposure Time 


Seat Position 


Environment Parameters 
Visibility 

Sky-Ground Ratio 
Illumination Level 
Seasonal Variation 
Glare 

Transmittance 


elke 


2 Sa ee oe 


Sensor Tyfe 
Resoluticn 

Gamma 

Frame Rate 
Integration Time 
Display Size 
Viewing Distance 
Govor Spot 

Scene Rotation 


Enhancement 


Range 
Offset 
Type Aircraft 


Apparent Motion 


Cloud Cover 

Sun Angle 
Diurnal Variation 
ScimnculLlation 
Attenuation 


Apparent Contrast 


Field of View 

Contrast Ratio 

Signal to Noise 

Interlace 

Pointing Angle 

Aspect Ratio 

Displayed Signal-to-Noise 
Wobble 

Display Freeze 

Imaging Quality and 


Assessment 


Observer Parameters 
Fixation 

Search Pattern 
Experience 
Expectation 
Selection 

Stress and Fatigue 
Prebriefing 


Search Aids 


Models 
Identification Submodel 
Detection Sukmodel 
Atmospheric Model 
Mission Parameters 
Navigaticnal 

Operation Sukmodel 
Training 

Multi-Spectral 


Multi-Target 

Validaticn Data-Simulator 
Cueing Variakle 
Resolution Sensitive 


Fatigue and Vigilance 


Modelling and Evaluation 
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Search Time 

Visual Acuity 
Training 

Motivation 

Task Loading 

Number of Observers 


Cueing 


Recognition Submodel 
Search Submodel 
Terrain Submodel 
Validation Data-Flight 
Sensor Sukmodels 
inherent Contrast 
Johnson Criterion 
Multi-Sensor, 
Multi-display 
Clutter Variable 
Weather Submodel 
Motion 

Automatic Methods 
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